A method for controlling the gastric pH of rabbits to low acidity (pH > 4) by using different antacids was investigated, and the physiological state of rabbits during gastric-acidity control and repeated bioavailability tests was also examined in terms of hemocytological and clinicobiochemical parameters.
Introduction
Since the gastric pH or the gastric acidity in humans varies between subjects,1,2) the bioavailability of drug preparations whose dissolution and stability will be influenced by the gastric pH commonly varies between subjects.3-6) Therefore, the gastric acidity of humans and experimental animals should be taken into consideration when bioavailability tests and bioequivalent tests with regard to such preparations are carried out. The gastric pH in fasting humans varies between subjects and can be divided into two groups: above and below pH.1.2) Ogata et al. 3 ) divided the gastric fluid acidity of humans into two groups before bioavailability studies by using Gastrotest tablets (Chugai Pharmaceuticals, Tokyo), which contain a proteinbound dye7) that is released in the stomach by acid at pH 3 or less. The groups evaluated as hypo-or anacidic and as normal or hyperacidic by means of the Gastrotest8) were designated as low and high acidity subjects, respectively. Thus, we designated rabbits having gastric pHs of less than 3 and more than 4 as high and low acidity rabbits, respectively. In our previous paper,9) a method for controlling the gastric pH of rabbits to pH >4 (low acidity) by using magnesium aluminosilicate (MAS) as an antacid and to pH <3 (high acidity) by using hydrochloric acid was partly presented. In addition, the usefulness of rabbits having gastric pHs of low and high acidities (gastric-acidity-controlled rabbits: GAC-rabbits) has been demonstrated in bioavailability studies.9-11 ) However, when the gastric contents of GACrabbits were observed after bioavailability tests, the gastric contents of some rabbits sometimes contained hair, which may retard the gastric emptying of food or controlledrelease preparations that do not disintegrate in the stomach. Thus, we considered that gastric lavage should be incorporated in the method for gastric-acidity control to remove hair 
Fig. 1. Amount and pH of Gastric Contents during Gastric-Acidity Control
Gastric pH after Ingestion of Soft CR-S Each line in Fig. 2 shows the individual gastric pH-time profile after a rabbit at stage IV ingested 50 g of soft CR-S. Although the gastric pH was about 1 before ingestion of soft CR-S, the gastric pH in each rabbit, except for one (solid line), increased and was maintained in the range of 3 4 during the first 1 h after ingestion because of the buffering capacity of soft CR-S. Thereafter, one of 4 rabbits (dotted line) showed a slow decrease of the gastric pH while the other three showed relatively rapid decreases of the gastric pH, and the pH at 3 h after ingestion became 3 or less. On the other hand, the gastric pH of the rabbit which is represented by the solid line increased initially, then decreased rapidly from 0.5 h and again increased gradually from 1.5 h. The reason for this is not clear. Thus, the changes of gastric pH after ingestion of soft CR-S showed moderate inter-subject variation. This seems to be ascribable to inter-subject variation in the extent of acid secretion and in the rate of gastric emptying of soft CR-S having the buffering capacity. The gastric pH values at all times in this experiment were about one unit or more lower than that in our previous paper.9) This may be ascribable to the differences between the groups in acid secretion and gastric emptying.
Thus, the pH change of the gastric contents after ingestion of soft CR-S showed intersubject and inter-group variations, and the gastric pH changed from near low acidity (pH > 4) to high acidity (pH <3). Therefore, although the gastric emptying can be controlled by CR-S,9) the rabbit in which the gastric pH is not controlled is not a suitable animal to test the bioavailability of drug preparations that show gastric pH-dependent bioavailability in humans. Thus, we attempted to maintain the gastric pH at low acidity over a long period by using different antacids.
In Vitro Antacid Potency Figure 3 shows the relationship between the amount of 0.1 N hydrochloric acid added to soft CR-S and the in vitro pH, together with the in vivo results described above. The in vitro pH change with every 20 ml addition after 40 ml of 0.1 N hydrochloric acid was initially added corresponded better with the gastric pH change every 0.5 h from 0.5 h after ingestion of soft CR-S. This indicates that this in vitro method may permit the prediction of antacid activity in vivo after ingestion of soft diet containing antacid (soft CR-A). The antacid activity of each antacid was evaluated under in vitro conditions corresponding to the half life (about 2 h) of gastric emptying with regard to soft CR-S.9) Figure 4 shows the in vitro pH when 100 ml of 0.1 N hydrochloric. acid. was added to soft CR-S (50 g) containing 1, 2 or 3 g of each antacid. When no antacid was added, the pH was 2.5. In the cases of DAH and SAS, the pH did not exceed 2.5 even when 3 g of each antacid was added. In the cases of MAS and SBB, the pH increased with increasing added amount of antacid and when 1 g of antacid was added, the pHs with MAS and SBB were 4.3 and 5.8, respectively. SBB had the strongest antacid potency, although it reacts with hydrochloric acid to produce carbonic acid gas. When soft CR-A with 1 g or more of MAS or SBB is ingested, it is predicted that the gastric pH will be maintained in the region of low acidity (pH > 4) for 2 h or more. Thus, MAS and SBB were considered to be promising candidates as antacids for controlling the gastric pH to low acidity. In this experiment, 2 g of antacid was used for control of the gastric pH to make sure that the gastric pH is maintained at low acidity.
Gastric-Acidity Control by the Use of Different Antacids Figure 5 shows the individual time courses of gastric pH after rabbits at stage IV ingested 50 g of soft CR-A with 2 g of antacid. With regard to MAS, each point represents the gasti-ic pH of an individual rabbit because the gastric pH was measured by using the isolated gastric contents at each time. Neither DAH nor SAS showed antacid activity as effectively as had been expected from the in vitro results. In the case of SBB, the gastric pH increased rapidly to low acidity and then decreased rapidly to high acidity within 3 h after ingestion. The reasons why SBB could not maintain the gastric pH at low acidity (pH >4) over a long period are considered to be as follows. SBB was rapidly emptied from the stomach because it is readily water-soluble, and/or physicochemical stimulating actions on the stomach wall, such as pressure of carbonic acid gas or acute pH elevation, might promote acid secretion. Another serious disadvantage of SBB is that most of the rabbits refused to ingest soft CR-A containing SBB, possible because the rabbits dislike the taste of the diet. Consequently, we did not adopt SBB as an antacid for controlling the gastric pH to low acidity.
On the other hand, although the gastric pH at each time varied widely between subjects, MAS could maintain the gastric pH in the region of low acidity (pH 4-6) over a period of 3 h after ingestion. MAS, which is poorly soluble in water, reacts with the acid to dissolve in the gastric juice. In generally, the liquid layer in the gastric contents is emptied from the stomach faster than the solid layer. 13 -15) Most of the MAS is presumably in the solid state in the stomach because enough MAS to neutralize the acid is added to soft CR-A. Accordingly, MAS seems to remain for a long period in the stomach as compared with water-soluble SBB and to exert a prolonged antacid action. However, the gastric pH at each time varied in the range of 4 6, although it was within the low-acidity region, and one of 7 rabbits at 0.5 h and 3 of 12 rabbits at 3 h after ingestion showed gastric pH below the low-acidity region (pH <4). As a good correlation between the amount and the pH of the remaining contents in the stomach at 3 h after ingestion of soft CR-A with MAS was observed, as shown in Fig. 6 , the variation and noncontrol of the gastric pH seem to be ascribable to inter-subject variation in the gastric emptying rate, besides the acid secretion. Thus, although it is difficult to control the gastric pH of all rabbits in the low-acidity region because some rabbits always have high acid secretion and/or rapid gastric emptying, we could control the gastric pH of most rabbits in the low-acidity region by using MAS as an antacid.
Physiological State of Rabbits during Gastric-Acidity Control
The influence of each procedure of gastric-acidity control on the physiological state of rabbits was examined in terms of blood parameters. The range of each parameter at each stage is shown in Tables I and II. All parameters in these tablets were approximately within the normal range. Accordingly, it was found that the physiological state of rabbits was not affected by the gastric-acidity control procedures, including ingestion of special diet, fasting and gastric lavage, although the body weight of the rabbits was reduced by about 6% (200 g) by fasting and gastric lavage.
Physiological State in Bioavailability Tests
In considering the practical use of GAC-rabbits, it is very important to know whether the rabbit can endure repeated bioavailability test (crossover test), including repeated blood sampling and repeated gastric-acidity control. In order to examine this, sham bioavailability tests were carried out in GAO-rabbits. Tables III and IV show the ranges of hemOcytological From the results obtained in this study, we conclude that MAS is the preferred antacid for controlling the gastric pH of rabbits in the low-acidity region and that it is possible to use GAC-rabbits for crossover bioavailability studies from a physiological point of view. 
